After synthesizing the compounds N-paranitrophenylsulfonylalanine (NPNPSA) and Nparanitrophenylalanine (NPNPA), the photoelectron spectrum of the valence anion of Nparanitrophenylsulfonylalanine (NPNPSA) − , was measured and the collision-induced dissociation (CID) pathways of deprotonated N-paranitrophenylsulfonylalanine (NPNPSA-H) − and deprotonated N-paranitrophenylalanine (NPNPA-H) − were determined. Pertinent calculations were conducted to analyze both sets of experimental data. From the valence anion photoelectron spectrum of (NPNPSA) − , the adiabatic electron affinity (AEA) of NPNPSA was determined to be 1.7 ± 0.1 eV, while the vertical detachment energy (VDE) of (NPNPSA)
I. INTRODUCTION
Synthesized amino acid derivatives have become especially important in many areas of molecular biology where they often act as protein markers. 2 While addition of these unnatural amino acids to proteins has become routine procedure in site-specific functionality, [3] [4] [5] the properties of such complex systems need to be characterized for them to be useful. One method is to examine the influence of wellcharacterized properties of the smaller moieties on the extended molecular complex. A recent theoretical study has explored this concept of a "molecule-in-molecule (MIM) approach." 6 Within the past two decades, new experimental and theoretical methods have been developed to examine the properties of complex molecules and their ions in the gas phase. The conformational flexibility and fragility of these extended molecules require gentle heating into the gas phase for meaningful studies of photoelectron spectroscopy (PES) a) Authors to whom correspondence should be addressed. Electronic addresses: rcompton@utk.edu and kbowen@jhu.edu.
of their intact parent anions and the determination of electron affinities. Likewise, electrospray ionization also allows the preparation of molecular anions, albeit the ions are often formed via deprotonation, for study by collision induced dissociation (CID). Under well-controlled conditions, this method can provide direct information on the fragmentation pathways and, under proper conditions, can provide estimates of the energy required to break molecular bonds of interest. Herein, we employ both PES and CID techniques to study the negative ion properties of two newly synthesized amino acid derivatives. N-paranitrophenylsulfonylalanine (NPNPSA) and N-paranitrophenylalanine (NPNPA) were synthesized and both (S)-and (R)-enantiomers studied as a check of experimental reproducibility. These complex molecules contain nitrobenzene, sulfur dioxide, and alanine, all of which have had their negative ion properties well characterized. We present a combination of experiment and theory to examine how the negative ion properties of the individual components can be correlated to better characterize the negative ion properties of these newly synthesized amino acids. 
II. SAMPLE PREPARATION

A. Preparation of (S)-NPNPSA (2a) and (R)-NPNPSA (2b)
The synthesis of (S)-NPNPSA (2a, see Figure 1 ) was performed by adding 1 M of sodium hydroxide solution (5 ml) to (S)-alanine (1a, 0.21 g, 2.40 mmol) and cooled to 0
• C. Then 4-nitrobenzenesulfonyl chloride (0.82 g, 3.61 mmol) was added in small portions to the reaction mixture and was stirred at room temperature overnight, followed by rinsing with ethyl acetate (20 ml). The aqueous layer was then acidified with 1 M hydrochloric acid (10 ml) and extracted with ethyl acetate (15 ml). The resultant organic layer was dried with magnesium sulfate, filtered, and concentrated. Column chromatography over silica gel with gradient elution from 5%-20% methanol/dichloromethane gave the product 2a as a yellow solid (0.29 g, 44%). Its enantiomer (R)-NPNPSA (2b) was similarly prepared using (R)-alanine (1b, 0.23 g, 2.58 mmol), 1 M sodium hydroxide (7 ml) and 4-nitrobenzenesulfonyl chloride (0.87 g, 3.86 mmol), which yielded 2b as a white solid (0.24 g, 35% 
B. Preparation of (S)-NPNPA (3a) and (R)-NPNPA (3b)
(S)-NPNPA (3a, see Figure 1 ) was synthesized by first adding 20 ml of N,N-dimethylformamide (DMF) to (S)-alanine (1a, 0.95 g, 10.7 mmol). Potassium carbonate (2.95 g, 21.3 mmol) and potassium iodide (1.77 g, 10.7 mmol) were then added to the stirring solution. 4-Chloronitrobenzene (3.36 g, 21.3 mmol) was added in small portions, and the reaction mixture was stirred and refluxed at 120
• C overnight. The solvent was removed via rotary evaporation. The crude product was then dissolved in 50 ml of water, acidified with 1 M hydrochloric acid (20 ml), and extracted with ethyl acetate (50 ml). The resultant organic layer was dried with magnesium sulfate, filtered, and concentrated. Column chromatography over silica gel with gradient elution from 1%-25% methanol/dichloromethane gave the product as a yellow solid (1.21 g, 54%). Enantiomer 3b was similarly prepared using (R)-alanine (1b, 0.88 g, 9.90 mmol), 20 
III. EXPERIMENTAL AND COMPUTATIONAL METHODS
A. Photoelectron spectroscopy
Negative ion PES was conducted by crossing a massselected beam of parent negative ions with a fixed-frequency photon beam and energy-analyzing the resultant photodetached electrons. The photodetachment process is governed by the relationship hν = EBE + EKE, where hν is the photon energy, electron binding energy (EBE) is the electron binding energy, i.e., the transition energy between the anion and a particular vibrational state of its neutral counterpart, and EKE is the electron kinetic energy.
The parent negative ions were formed in a supersonic expansion nozzle-ion source. Each synthesized enantiomer sample was placed in the stagnation chamber of the source, heated up to 100
• C-130
• C, and co-expanded with ∼3-4 atm of argon gas through a 15 μm orifice into ∼10 −4 Torr vacuum. Negative ions were then formed by injecting low energy electrons from a hot and even more negatively biased, thoriated iridium filament into the expanding jet where the microplasma was formed in the presence of a weak external magnetic field. The anions were extracted and transported via a series of ion optics through the flight tube of a 90
• magnetic sector mass spectrometer with a typical mass resolution (m/ m) of ∼400. The mass-selected anions of interest were then crossed with an intracavity operated argon ion laser beam, and the resultant photodetached electrons were energy-analyzed in a hemispherical electron energy analyzer with a resolution of ∼30 meV. The photoelectron spectra reported herein were recorded with 2.54 eV photons and calibrated against the well-known photoelectron spectrum of the O − anion.
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B. Collision induced dissociation
Because (R)-and (S)-are chiral designations and our experiment does not distinguish between enantiomers, the results of both enantiomers are expected be identical, therefore only CID of the (S)-enantiomer is presented. Deprotonated NPNPA and NPNPSA were produced using an electrospray ionization (TurboIonSpray R ) source. Solutions of (S)-NPNPSA and (S)-NPNPA were prepared at a concentration of 200 μg/ml in a 1:1 HPLC grade water and methanol mixture and then passed through a 0.005 in. inlet syringe tip with a flow rate of 5 to 20 μl/min. The temperature of the source was set to 100
• C, and the ion spray bias voltage was optimized empirically for each CID spectrum to give the highest deprotonated parent signal intensity.
Collision induced dissociation was performed using an Applied Biosystems Q-Star Elite triple quadrupole mass spectrometer (MS) and is outlined in the paper by Smith et al. 11 Ions were formed by electrospray ionization and the mass selection and CID were performed in an initial quadrupole MS followed by introduction into the collision region. The ions resulting from the collision region were then analyzed by a reflectron time-of-flight MS. The signals of all ions at each energy reported in the CID spectra were averaged for 30 s. Argon was used as the collision gas for all reported experiments. The energy scale was determined using the collision induced dissociation process I 
11
It was found that the observed thresholds for the CID secondary ions shifted slightly to lower energy as the argon collision gas pressure increased. Although the energy shifts with pressure are small (∼0.2 eV in the center of mass), we conclude that multiple ions collisions with the argon gas were adding internal energy into the large and flexible anions, which shows up as internal vibrational heating of the anion leading to a lower threshold. As a result we only present approximate ion dissociation energies. The dissociation energy was estimated by extrapolating the linear portion of the CID spectrum for each channel to zero intensity. Because the linear extrapolation will overestimate the dissociation energy and multiple collisions lower the estimated dissociation energy there is some cancellation of error but the extent of this cancellation is unknown.
C. Computational methods
Computational investigations focused on characterizing both valence and dipole-bound states of the NPNPSA and NPNPA anions. These molecules are too large to use reliable ab initio methods typically required for accurately predicting electron affinities so more approximate methods must be employed. This section reports all computational methods employed in detail, however, the full justification for selecting these methods is provided in the supplementary material. 33 Three basis sets were employed, Dunning's correlation consistent double-ζ (aug-cc-pVDZ) and triple-ζ (augcc-pVTZ) sets, 12, 13 and Ahlrichs's redefined triple-ζ set augmented with a minimal set of diffuse functions (maDef2-TZVP). 14, 15 For computing dipole-bound states an additional 6s6p5d set of diffuse functions was centered at the center-of-mass of the molecule (even-tempered exponents, smallest exponent 0.02 for all angular momenta, even-scaling factor √ 10). For consistency, all geometry optimizations of neutral and negatively charged conformers of nitrobenzene, NPNPSA, and NPNPA were carried out using the same method, the M06-2X hybrid functional 16 and the aug-cc-pVDZ basis set. The progression of ab initio methods, self-consistent field (SCF) calculations, second-order Moeller-Plesset perturbation theory (MP2), coupled-cluster calculations with single and double substitutions (CCSD), CCSD with a perturbative estimate of triple substitutions (CCSD(T)) was used for the nitrobenzene reference system, and its electron binding energies were also computed directly with the equation-of-motion couple-cluster method for electron affinities (EOM-CCSD) and the equation-ofmotion MP2 method (EOM-MP2). 17, 18 In the MP2 and the coupled-cluster calculations, all core electrons were frozen in their SCF orbitals. Moreover, for the open-shell valence state of the nitrobenzene anion, CCSD calculations were started from three sets of orbitals, unrestricted (UHF) and restricted (ROHF) SCF orbitals of the anion as well as from an anionlike occupation of the SCF orbitals of the respective neutral (QRHF). Electron binding energies were also computed using the following density functionals, the generalized-gradientapproximation (GGA) functionals BLYP, BP86, PBE, and OLYP, the meta-GGA functional TPSS, and the hybrid functionals M06-2X, B3LYP, and O3LYP. 16, [19] [20] [21] [22] [23] [24] Three program packages were employed: Gaussian09 25 for M06-2X calculations, Orca 26 for all other density functional and some of the MP2 calculations, and CFOUR 27 for MP2 and all coupledcluster calculations.
Computing reliable electron affinities is in general a challenging task, and the present case is particularly difficult, because spin-contamination in the UHF wavefunction of the valence anion makes MP2 for these states effectively useless. Therefore, the only reasonable choice for predicting adiabatic attachment and vertical detachment energies in this context is to calibrate a density functional method with a reference system. Since the valence states of the NPNPSA and NPNPA anions are both well described by an excess electron occupying the nitrobenzene moiety of these larger species, a number of density functionals were tested using the well-characterized 2 B 1 valence state of nitrobenzene as a basis of comparison. The details of these calculations are described in the supplementary material (see in particular Table S1 ). 33 The main conclusion regarding electron binding energies of nitrobenzenelike anions is that the best option out of the eight functionals tested is the GGA OLYP or the meta GGA TPSS with a triple-ζ basis sets such as the ma-Def2-TZVP set. We expect that with this type of approach the AEA of any NPNPSA or NPNPA conformer should be well reproduced within one or two tenths of an eV, while vertical detachment energy (VDEs) and Vertical Electron Affinities (VEA) are somewhat more sensitive and are expected to be overestimated by a few tenths of an eV.
Computing dipole-bound states is even more challenging because standard density functional methods at the present time cannot be used. 33 For the NPNPA conformers the usual sequence of Koopmans's Theorem (KT), SCF, and MP2 can be used, because for the dipole-bound states spincontamination is negligible. Estimation of higher order correlation effects is based on comparison with the nitrobenzene reference system (see Table S2 of the supplementary material). 33 For most conformers of NPNPSA, on the other hand, the valence states of the anion are already very low in energy, mix with the dipole-bound states, and none of the states resulting from vertical attachment can be characterized as purely dipole-bound or purely valence. Thus, for NPNPSA only a single conformer is discussed below.
IV. RESULTS AND DISCUSSION
A. PES
Attempts were first directed to produce the dipole-bound anions of these systems. The dipole moments of NPNPSA and NPNPA were calculated to be 4.5 D and 7.6 D, respectively. 33 These values are well above both the theoretical critical value for a point dipole of 1.625 D and the empirical minimum value of 2.5 D necessary to support a stable dipole-bound state. Thus, it is believed that dipole-bound anions might be produced, however, slow free electron attachment to a polar molecule to form dipole-bound anions is unlikely. There is no mechanism for stabilization without a third body. Evidence of a dipole-bound anion is characterized in the photoelectron spectrum as a single, narrow peak close to zero EBE. The near zero EBE is indicative of the nearly identical geometries between the anion and neutral. However, as was also the case in the photoelectron spectrum of nitrobenzene, 1 only the valence anions were observed. We postulate that, as in the case of nitrobenzene, the dipole-bound anions will act as a "doorway state" to the more stable valence anions.
The photoelectron spectra of the valence (S)-and (R)-NPNPSA anions are shown in Figure 2 . As expected, both enantiomer anions exhibit very similar photoelectron spectral profiles. Each photoelectron spectrum has a maximum EBE value at 2.3 eV and a threshold EBE value at ∼1.7 eV. Thus, the VDEs of both (S)-and (R)-NPNPSA anions are assigned at 2.3 ± 0.1 eV. Based on the location of the threshold and typical patterns of anion photoelectron spectral profiles, the AEA values are assigned as lying in the vicinity of 1.7 ± 0.1 eV, with vibrational hot bands accounting for the first 0.1-0.2 eV of the low EBE tail. Due to the FranckCondon factors and large degrees of freedom for these anions, any vibrational structures in both spectra remain unresolved. Surprisingly, after much searching, we were unable to produce parent anions of (S)-and (R)-NPNPA in the gas phase. A possible explanation is that the cross section for electron attachment to NPNPA is too small to be produced by slow electron attachment or that dissociation or autodetachment occurs more readily before our detection time scale (∼10 μs). Gas phase electron attachment studies of this molecule using well-controlled electron beams could prove interesting.
B. CID
The secondary ion mass spectra of deprotonated (S)-NPNPSA (NPNPSA-H) − and deprotonated (S)-NPNPA (NPNPA-H) − following collision induced dissociation are shown in Figure 3 . The measured CID spectra using argon as the collision gas as function of the center-of-mass collision energy are shown in the supplementary material. The primary fragments of (NPNPSA-H) − (273 amu) upon collisions with argon and the major pathways yielding these fragments are illustrated in Figure 6 , and the predicted changes of the Gibbs free energy and the enthalpy are given in Table S8 of the supplementary material. 33 The fragment m/z 201 anion is formed when the bond between the stereocenter of alanine and the amino nitrogen break. The m/z 186 anion is formed when the bond between the nitrogen and the sulfur breaks. We predict that the neutral 87 amu counterpart of the m/z 186 anion autodissociates into acetaldimine 28 and CO 2 by breaking the bond between the alanine stereocenter and CO 2 . This is supported by geometry optimization calculations using B3LYP/aug-cc-pVDZ of the 87 amu fragment. Figure S3 of the supplementary material shows the final structure reached by optimization of this fragment, which is relevant to both deprotonated NPNPSA and deprotonated NPNPA. 33 The estimated dissociation energy for each channel of deprotonated NPNPSA is given in Table I .
The pathway leading to the m/z 138 anion is attributed to the bonding of an oxygen atom to nitrobenzene in place of the sulfur at the para-position, forming a deprotonated nitrophe- nol. This requires a rearrangement reaction and is supported from geometry optimizations using B3LYP/aug-cc-pVDZ of the assumed m/z 138 anion and the neutral 135 amu counterpart of this dissociation pathway. 33 This rearrangement reaction involving the loss of SO 2 is not unprecedented. Wang et al. 29 observed a similar rearrangement reaction for a biologically derived sulfonamide β3 agonist, although they reported only the loss of SO 2 . This differs in the experiments reported here because the oxygen atom is proposed to be scavenged from SO 2 . Finally, the final pathway resulting in the m/z 122 anion observed corresponds to the nitrobenzene anion minus a hydrogen atom.
The primary fragments of (NPNPA-H) − (209 amu) upon collisions with argon along with the major pathways yielding these fragments are illustrated in Figure 7 . The predicted changes of the Gibbs free energy and the enthalpy are given in Table S9 of the supplementary material. 33 The pathway producing the m/z 165 anion results from the loss of CO 2. We believe the m/z 150 anion results from the loss of both CO 2 and NH, then couple forming the neutral fragment counterpart. This requires a rearrangement reaction where the alanine stereocenter attaches to the para-position of the nitrobenzene, and produces an anion that satisfies the "even electron rule." 30, 31 The pathway producing the m/z 123 anion (nitrobenzene) and the last pathway producing the m/z 122 anion (deprotonated nitrobenzene) have similar thresholds, however the deprotonated nitrobenzene anion dominates. The remaining smaller fragments at 106 amu are attributed to the loss of oxygen from the deprotonated nitrobenzene. Likewise, the 92 amu anion is attributed to deprotonated phenol and the 46 amu anion is attributed to NO 2 − . Unfortunately, these mass fragments had extremely low abundance in the CID spectrum preventing an estimation of these dissociation energies. The estimated dissociation energy for each channel of deprotonated NPNPA is given in Table II .
The fragmentation pathways of (NPNPSA-H) − and (NPNPA-H) − revealed that all the anions were formed through deprotonation of the carboxylic acid, yet the charge was always found on the delocalized π orbitals of the nitrobenzene. An exception applies to the very weak case of the NO 2 − anion. The delocalized orbitals stabilized the negative ion by reducing the repulsive columbic interactions. This was evident from the observation that the nitrobenzene unit appeared in all the fragment anions produced in these experiments, along with the fact that the NO − 2 anion was only observed at very low intensities in the NPNPA spectrum. Finally, because the lifetime of CO 2 − is 22-60 μs depending on its internal energy, 32 we cannot rule out the possibility that the metastable CO 2 − (m/z 44) is formed and then decays before the ion can be detected. 
C. Computational results
This section investigates the negative ion properties of individual NPNPSA and NPNPA conformers. Both molecules have conformational flexibility regarding the single bonds of the alanine side-chain, and NPNPSA has additional flexibility regarding the N-S and the C-S bonds. Consequently, one may expect several conformers to be thermally accessible at room temperature, and many experimental observations will be averages of conformer populations. A manual conformer search for NPNPA yielded six distinct minimal energy structures shown in Figure 8 and four distinct minimal energy structures for NPNPSA shown in Figure 9 . The relative energies computed for these conformers using the M06-2X density functional and the MP2 method with the aug-cc-pVDZ basis set are listed in Tables S3 and S4 of the supplementary material. 33 The MP2 method predicts somewhat smaller energy gaps between the conformers and since the relevant differences between the conformers are mostly intermolecular- like   FIG. 9 . The four low energy conformers of neutral NPNPSA.
contacts, such as hydrogen bonds and hydrogen-π interactions, the MP2 results are probably more reliable. Nonetheless, the predicted energetic order is identical, and the same is true for the overall qualitative picture.
Both methods predict that for both neutral molecules the "stretched-out" conformers without any intermolecular-like contacts are most stable; however, there are two or three other conformers within about 20 kJ/mol. All of these conformers can attach electrons into dipole-bound or in valence states. However, in contrast to nitrobenzene, where these two types of states are cleanly separated by symmetry, the negative ion states for NPNPA and especially for NPNPSA are often of mixed character, similar to that found for para-nitroaniline. 11 Dipole-bound states of NPNPSA and NPNPA are intrinsically fascinating, because of the interplay between the part of the molecule acting as a local dipole and other parts acting essentially as an excluded volume, which puts the MIM hypothesis to a test. Moreover, dipole-bound states have been shown to provide efficient "doorways" for attachment of low-energy (thermal) electrons into the valence orbitals, and represent therefore in many contexts an early intermediate in electroninduced reactions. Similar to other short-lived intermediates direct experimental observation can be challenging, and at least for the time being we can only report a theoretical characterization.
Regarding accurate characterization of dipole-bound states, most conformers of both the NPNPSA and NPNPA anions unfortunately require methods that we cannot apply due to the size of these molecules. Two major obstacles exist; first, the standard density functional methods cannot yet be applied to electronic states with diffuse densities and second for most NPNPSA conformers the dipole-bound state is very close in energy to the valence state. This not only makes unraveling these two states a formidable challenge but also adds the practical problem of achieving SCF convergence on the "right" state. Nevertheless, the relevant trends can be identified by making careful comparison to the reference system, nitrobenzene, as outlined in the supplementary material. 33 All low-energy conformers of NPNPA show substantial dipole moments in excess of 6 D (conformer 2, which has an energy of 30 kJ/mol above the most stable neutral conformer, has a somewhat smaller dipole moment; see Table S7 of the supplementary material) 33 . Because the NPNPA conformers are far more polar than nitrobenzene and their VEAs are accordingly larger, higher order electron-correlation corrections may be expected to be less important than for nitrobenzene. Therefore, the MP2 values listed in the supplementary material 33 (40-140 meV; Table S7 ) are probably reasonable predictions by themselves. Further corrections for both more complete basis sets and higher order correlation effects are expected to yield larger VEAs. Finally, nitrobenzene and other organic molecules can serve as guiding examples and these corrections may be expected to be somewhere in the 10%-20% range.
There are some interesting differences between the conformers in the sense that despite similar, fairly large dipole moments, the predicted VEAs of different conformers differ by as much as a factor of three. These differences can be explained by different interactions between local bondmoments and excluded volume effects. The essential local dipole-moments stem from the NO 2 group and from the carbonyl group, whereas the phenyl ring acts as an excluded volume, that is, a region where the attractive potential due to the NO 2 group may be strong, but the repulsive potential due to Pauli repulsion with the valence electrons of the phenyl ring is even stronger. The relative orientation of these three groups is such that the excess electron can be closer to both local dipoles, which have the large electron binding energies and consequently a more compact distribution of the excess electron, in those conformers.
For NPNPSA it was only possible to identify the dipolebound state of conformer 2. 33 At the equilibrium structures of all other conformers the mixing between valence and dipolebound states is too strong, and a VEA associated with a "pure" dipole-bound state cannot be assigned. Conformer 2 of NPNPSA is predicted to have a dipole moment of 4.5 D, and its VEA is predicted to be 20 meV using the MP2 method, which is roughly twice the VEA predicted for nitrobenzene with the same method. Again, using nitrobenzene as a guide, one may expect this conformer to have a dipole-bound state with a VEA of about 30 meV. Moreover, owing to the strong mixing of dipole-bound and valence states for most NPNPSA conformers, one may expect the doorway mechanism for this species to be efficient.
In addition to the dipole-bound states, all NPNPSA and NPNPA conformers are found to support bound valence states. Similar to the 2 B 1 valence state of nitrobenzene the attached electron occupies a π *-like orbital of the nitrobenzene moiety, and there is only a modest change in the bond lengths and bond angles of the nitrobenzene unit. What changes more dramatically are the torsion angles, in particular for those conformers with hydrogen bonds pointing in the direction of the phenyl ring and closely related with these structural changes there is a change in the energetic order upon electron attachment.
For the NPNPA anion the three conformers, shown in Figure 10 , that have a the OH group of their alanine carboxyl group pointing towards the π -system of the phenyl ring are significantly more stable than all other conformers, showing that the excess negative charge localized on the ring is stabilized by the hydrogen bond. However, for the NPNPSA anion shown in Figure 11 we were unable to find this type of conformer, instead the most stable valence anion conformer type has a hydrogen bond to one of the sulfonyl oxygen atoms. Clearly the attached electron has a strong influence not only on the local bonding of the group that it is attached to but also on the more delicate intermolecular-like contacts and the preferred conformation of the larger molecule as a whole.
The computed VDEs and AEAs for the low-energy conformers of NPNPSA and NPNPA are collected in Tables III  and IV . The reported AEAs are "local" in the sense that the energy difference listed is the one between corresponding conformers of neutral and anion. It is termed "local," because it can occur with small adjustments of geometry. The local AEA is expected to be relevant for interpreting the photoelectron spectra, because only detachment resulting in small changes of geometry can have favorable Franck-Condon factors. The true AEA is of course the energy difference between the most stable conformer of the neutral and the most stable conformer of the respective anion, but for both NPNPSA and NPNPA the true AEA is expected to have virtually zero intensity in a PES. For NPNPSA the true AEA is predicted to be 1.87 eV, yet under the assumption that the experimental anion population consists essentially of the two most stable conformers (conformers 3 − and 4 − ), and taking into account a zero-point correction on the order of 0.1 eV, the calculations predict a local AEA on the order of 1.9 eV and a VDE of 2.3 eV.
For NPNPA the situation is less clear cut. The local AEAs of the anion conformers are listed in Table IV . Three or four conformers (conformers 2 − , 3 − , 4 − , and 6 − ,) could have significant abundance in an experimental anion population. These four conformers have significantly different AEAs and VDEs; therefore, substantial inhomogeneous broadening may be expected for the photoelectron spectrum of NPNPA, if one were obtained. The predicted range for the local AEA is 0.9- calculated to be 1.08 eV (energy difference between neutral conformer 1 and anion conformer 3 − ).
V. CONCLUSION
The gas phase negative ion properties of two extended molecular structures-NPNPSA and NPNPA were examined both experimentally and theoretically. Conformers 1 and 3 of NPNPA and conformer 2 of NPNPSA are predicted to support a dipole bound state (see Figure 12 ). These were not observed experimentally because the ion source was not appropriate for creating dipole bound anions. 33 The calculated adiabatic electron affinity was in good agreement with the experimentally measured AEA of 1.7 ± 0.1 eV for NPNPSA. This value is almost twice that for nitrobenzene (1.00 eV 1 ) showing the effect of the extended system. Also, the vertical detachment energy of the NPNPSA negative ion was measured to be approximately 2.3 ± 0.1 eV, which compares quite well with the calculated VDE of 2.3 eV. The experimental and theoretical agreement for (S)-and (R)-NPNPSA as well as that of nitrobenzene provide confidence for at least the predicted AEA and VDE of the NPNPA conformers.
Every observed fragmentation pathway of (NPNSA-H) − and (NPNPA-H) − anions, excluding the very weak channels of the NO 2 anion and a deprotonated nitrosobenzene at the para-position, contained the nitrobenzene moiety even though the anions were created via a deprotonation of a carboxylic acid. This was due to the stabilizing effect due to delocalization of the excess electron on the π orbitals of the nitrobenzene molecule. Estimates of the energy thresholds for dissociation into the various ion channels are presented but multiple collisions are present and that limits the accuracy of the estimations. The thresholds are lowered by collision induced vibrational excitation (heating) of the (NPNPSA-H) − and (NPNPA-H) − anions.
TABLE IV. The calculated local adiabatic electron affinities (AEA) and vertical detachment energies (VDE) of the low-lying energy NPNPA anion conformers, using OLYP/ma-Def2-TZVP energy differences at the M06-2X/augcc-pVDZ minimal-energy geometries.
Conformer (anion) AEA (eV) VDE (eV) 
